T h e old o b se rv a tio n s o f H . J . C a rte r a n d o th e rs on th e c o n tra c tile v acuoles o f sponge cells h a v e b een q u e stio n e d in re c e n t y ea rs. T h e presen ce o f c o n tra c tile v acuoles is h ere e stab lish ed in b o th am o eb o c y te s a n d ch o a n o c y te s o f th e fre sh -w a te r sponges; b u t th e y h a v e n o t b een seen in th e cells o f sev eral m a rin e sponges, th o u g h figured b y som e o f th e o lder a u th o rs. M ethods a re d escrib ed fo r o b serv in g th e v acuoles, a n d in c id e n ta lly o th e r a c tiv itie s o f th e cells also.
Y o u n g sponges g row n fro m g em m ules w ere v e ry u seful in th ese stu d ies a n d it w as fo u n d possible to h a v e th e m th ro u g h o u t th e w in te r m o n th s b y a sim ple process o f v ern alizatio n .
A tte n tio n is d ra w n to th e im p o rta n c e o f th e se o b se rv a tio n s in a n y co n sid eratio n o f th e re latio n sh ip s o f th e P o rife ra to th e P ro to z o a a n d to th e M etazo a resp ectiv ely .
For about a hundred years the sponges have attracted much attention from microscopists all over the world, as is testified by the long lists of works dealing with this group of animals of puzzling structure and mysterious affinities. And much has been learnt of their nature and activities since Assistant-Surgeon H. J. Carter wrote his series of papers from Bombay in the Annals of Natural History throughout the second half of last century, while Professor H. James-Clarke in America was observing the actual shape of the collar cell and bestowing on it this descriptive name. The results of their labours and of those of many distinguished zoologists coming in between were well summarized by E. A. Minchin in his masterly section on the Porifera in Lankester's Treatise of Zoology, pt. n, in 1900;  and in more recent years the beautiful work of van Trigt (1919) on their physiology, and of the late Professor O. Duboscq and of Mile 0 . Tuzet (1935, 1937) on stages in their life history, have added important detail to the picture. In one of a series of papers on the cytology of sponges, especially of the choanocytes (see for example also Robertson & Minchin 1910; Hirschler 1914; Duboscq & Tuzet 1934 ), Bronte Gatenby & Singh (1938 nevertheless remark: 'In the case of the sponge, we do not yet know whether such fresh-water forms as have contractile vacuoles in their choanocytes.' It was with the object of clearing up this point that these investigations were undertaken.
It is rather singular that this peculiarly protistan cell organ has been so slightly noticed in almost all published descriptions of sponge cells-even in discussions about the probable relationships of the group to the Protozoa and to the Metazoa respectively; and, when it is mentioned at all, almost always it is only with regard to the choanocytes. An exception is to be found in the work of H. J. Carter (1857) who was probably the earliest observer of 'contracting vesicles' in sponge cells, and certainly the most convincing. Carter made his observations on germinating gemmules of Spongilla, which lived for some time in watch-glasses, unfed; and gives a vivid account of the setting up of the sponge organization round a single osculum and of the arrangement of the spicules into the typical skeletal form by active movement of the amoeboid cells. This dynamic condition of the living sponge tissue is also brought out in the account of its larval development by Evans (1899) and again in the description of its physiological activities by van Trigt (1919) . Carter says (p. 22):
'Three or four days after the seed-like body (which has never been allowed to get dry) has been placed in clear water, a white substance like cotton is seen to have issued from the lower part of it. This, when examined, is found to present a flat, transparent border, so abounding in (indolently contracting) vesicles of different sizes, that it looks like an areolar structure....' And at p. 2 5 :
' The cells of the investing membrane are characterized by their uniformly granular composition and colourless appearance. They are nucleated, possess the contracting vesicles singly or in plurality, and are spread over the membrane in such numbers, that it seems to be almost entirely composed of them; while they are of such extreme thinness, and drawn out into such long digitated forms, that they present a foliated arrangement not unlike a compressed layer of multifidous leaves, ever moving and changing their shapes....' 'The apertures [ostia] , on the other hand, are circular or elliptical holes in the investing membrane among (? in) these cells. They seldom exceed 1/700th of an inch in diameter, have a clean, thin margin, which in one part presents a slight tubercular enlargement, and are generally surrounded by some minute colourless granules....' 'The tubercle looks very like the nucleus of a sponge cell, and, when the aperture is contracted, the granules may be seen to be enclosed in a circum scribed form, which, together with the presence of one or more contracting vesicles, gives the whole very much the appearance of one of the sponge cells peculiar to the investing membrane. Through the apertures the particles of food and other substances suspended in the surrounding water are admitted into the cavity of the investing membrane, preparatory to passing into the parenchyma, in the manner which will be presently mentioned.... '
The 'contracting vesicles' of the 'monociliated cells' [choanocytes] were ob served only after the young sponges were beginning to degenerate, presumably partly at least for lack of nourishment. The organization is breaking down, the cells begin to separate and 'issue forth into the watch-glass to seek independent existences respectively for themselves ' (p. 29) , when it is seen and figured (plate I, figure 10 ) that 'these monociliated sponge cells present the contracting vesicle in great activity, but also in variable plurality ' (p. 30) .
Now it might certainly be permitted to a critic to object that such a cell might in fact not belong to the young sponge. Similar cells may be seen in teased-up preparations of spongillids dying in the laboratory, and in such circumstances freeliving flagellates, and ciliates also, begin to appear in considerable numbers. Yet i Carter is constantly quoted as having observed contractile vacuoles in the choanocytes, and no reference is made to his very clear description of them in the granular type of amoebocyte which abounds towards the outer surface of the sponge. H. James-Clark is also given as a witness. He (1872, plate XI, figure 3, x 1600) figures a choanocyte with two ' contractile vesicles ' seen by focusing up and down through the living tissues of ' the minuter individuals ' of his Spongilla arachnoides, found in the fresh waters of America, so that as he says 'everything has been studied in place, even to the details of the monads ' [choanocytes] . He also claimed to see by the same means 'with a strong light', in a whole Leucosolenia, two to five 'contractile vesicles' pulsating 'once in half a minute'. Saville Kent (1880-1), rather curiously figures only marine sponges (if his be excepted) in his plates VIII-X, showing ' contractile vesicles ' in the collar cells. No comment is made by either of these two authors about the usual absence of contractile vacuoles in marine flagellates, as in marine Sarcodina, amongst the Protozoa. Other references to their presence are very casual and mostly quotations from these authorities, so that a demand for further evidence seems to be well justified.
A great deal may be learnt about the cells making up the sponge body by studying simple preparations of teased-up tissue taken from the living sponge. When the sponges were rubbed through a fine bolting silk the cells seemed rather more damaged and no better separated than by fine teasing. In my studies both Spongilla and Ephydatia were used; they were identified from the descriptions given in Die Siisswasser Fauna Deutschlands, Heft 19, by W. Weltner (1909) . No very marked difference was noticed in the cells of the two species. The general topography of the grown sponge is well shown in the figures of plate 14 in Delage and Herouard (1899), and a catalogue of all kinds of cell previously described is given by Weltner (1907) . Of the 'relativ grosse amoeboide Zellen' to which he refers two are especially outstanding and will be chosen for discussion as the 'granular cells' and the 'hyaline cells' respectively.
I was not able to examine the sponges in May and June. In July bunches of active spermatozoa were seen in the preparations and ciliated larvae came swim ming out from the freshly collected sponge. After that the sponge growth seemed to decline and newly formed gemmules became more and more numerous.
The granular cells (in Weltner's fourth category, p. 276) were much in evidence in July, being numerous, and very active for a couple of days after the specimens were taken from the river. As soon as they were in view the cells were seen to be flattening themselves against the glass, putting out clear pointed pseudopodia which spread into broad webs, so thin that their borders became invisible. The granules, colourless and uniform, were often the only inclusions visible in the cytoplasm, although occasionally there was an odd body of different size, or one or two of the green symbionts which occur throughout the tissues of these sponges. Sometimes the granules ran out into the pseudopodia-and they have been ob served to collect in a bulge which sped on, leaving a narrow ectoplasmic bridge behind it which finally snapped across, thus forming an enucleate spindle such as is described by Vosmaer (in 1887, p. 188, and plate XXII) as a contractile or muscular fibre. Two granular cells are sketched in figure I ; they illustrate how the pseudo podia fade out of sight and may apparently become continuous with those of a neighbouring cell. This appearance, taken with the account in van Trigt (1919, p. 147) of the movements of the spindle-shaped bodies of amoebocytes passing one another inside an apparently common ectoplasm, is reminiscent of the activity seen in a plasmodium of Labyrinthula (Proteomyxa, Sarcodina, see for example Jepps 1931), and is interesting in regard to the hypothesis supported by van Trigt (1919, p. 147) that the apparently structureless matrix of a sponge is made up of the co-operative ectoplasm of the cells-and not only of the granular cells. Such an hypothesis certainly helps in the understanding of ingestion and defecation which occur at the surface of the matrix, as described by van Trigt, as well as in and out of the visible cell bodies where these are exposed (e.g. in the flagellate chambers), since it brings both ways into line with what happens in other organisms which feed intracellularly, whether these be Protozoa or Metazoa.
The activity of the ' granular cells ' in my teased-up preparations often ended in one meeting with a 'hyaline cell' (see below), against which it seemed to flatten itself and come to comparative rest, giving an impression of association rather than of an attempt at ingestion. It seemed as this might represent a degree of reorganization of the isolated cells-a phenomenon which is well known to occur in sponges (see Wilson 1910; Huxley 1912) . As already mentioned these cells were especially obvious while the sponges were at the height of their development and of their greatest activity. At that time they spread out under the coverslip into a very thin layer, thus displaying most clearly the two features which remain to be described. First, the nucleus, dimly granular, and usually to be seen about the centre of the cell; and secondly, the contractile vacuoles already described by H. J. Carter (see pp. 409 et seq., and figure I). These were then a very striking feature of the cells, at once catching my eye although I was not consciously looking for them. They are sometimes very abundant, fed by small tributory vacuoles, or coalescing as they increased in size, and finally after a rather long interval (up to 5 or 10 min. in my preparations) contracting somewhat 'indolently' and often by stages, so that it was easy to watch the actual drawing in of the margin in the optical section when it could be kept in view. Sometimes the vacuole did not entirely disappear before it began to grow again, but as a rule nothing could be said about the permanence of their location at any particular points of the cell owing to the considerable streaming of the cytoplasm as the pseudopodia were produced and withdrawn, while the whole cell might be moving quite rapidly across the field. Later in the year when the sponges were declining these cells were much rarer in my preparations; and there was a marked decrease in their activity. In material also which had been kept in the laboratory overlong the granular cells did not flatten out in the same satisfactory way, but tended to remain rounded up on one spot, although there might be a good deal of circulation in the proto plasm and broad blunt pseudopodia might bulge out on all sides in turn. Although nucleus and contractile vacuoles could still be made out, much more time and patience might be necessary, and unless they were being sought the latter especially could quite easily be overlooked. It is only in some such way that I can answer the obvious question-why have recent observers not confirmed the presence of contractile vacuoles in these cells?-not even van Trigt who made such detailed studies of living fresh-water sponges as lately as 1919. One must remember that in his work the main interest was in the feeding processes and not at all cytological, and indeed he might have seen such apparently empty vacuoles and let them pass amongst the food vacuoles which he describes at all stages from ingestion to defecation.
The 'hyaline cells' (Weltner's third category, p. 276) are always much more numerous, constituting the main part of the sponge body. They have large vesicular nuclei with an enormous central nucleolus (or karyosome). The hyaline cytoplasm looks rather denser, and is stuffed as a rule with a number of bodies of various kinds-green symbiotic cells, ingesta such as diatoms and, in my preparations, other sponge cells, and assorted granules, amongst which it is difficult to watch the action of the contractile vacuoles (figure II). They are often obscured by the rolling about of the cell contents; but may sometimes be clearly seen when they he even partly in one of the bluntly rounded protrusions of clear protoplasm, contracting slowly and at longish intervals as in the granular cells. These ' amoebocytes ' are generally supposed to be the indispensable cells of the sponge, and to be able to replace the others. They certainly seem the most resistant to changing conditions, as in teased-up preparations under the microscope, but unfortunately do not spread themselves out so flat as do the granular cells at their best.
It is more difficult to observe the contractile vacuoles in the choanocytes by this method. Although these cells are 5 to 7 yi n diameter parent and so full of small bodies (which might be ingested bacteria) that it was often impossible to see exactly what happened to a vacuole when it disappeared. But by teasing up small pieces of Ephydatia, which on sev to yield a greater number of better isolated choanocytes than did taken at the same time, I was at length able to convince myself that here too there might be as many as two or three contractile vacuoles. They were most easily seen near the base of the collar, since this end of the cell is often freely on view even in groups of cells remaining together in the preparation. (Completely isolated collar cells are rarely in good enough condition to be indisputably identifiable.) In one or two cells which were watched during what somebody has called ' that revealing moment just before death ' the vacuoles reached an unusually large size, before contracting, at shorter intervals and rather less 'indolently' than in the amoebocytesapparently emptying themselves inside the collar. Figure V shows choanocytes, sketched, largely from memory, immediately after observing their contractile vacuoles.
Following in the steps of H. J. Carter (1857) I also made some observations on germinating gemmules of Spongilla and Ephydatia. Some sponge containing gemmules was collected at Cambridge and the gemmules grown in Glasgow in December 1945, and at Plymouth in April 1946, having been kept in a small quantity of their native water and not allowed to dry. It was found advantageous to 'vernalize ' the gemmules by placing them in a refrigerator for a time. After two or three months at 50° F. almost every gemmule had 'hatched' in two to three weeks in December, and in ten days in April, after they were planted out on coverslips lying in Petri dishes of natural water at laboratory temperatures: whereas only a small proportion of the gemmules not specially treated had developed in the same times-others coming out later. The contractile vacuoles of the amoebocytes were easily watched under an oil-immersion lens by inverting the coverslip over a hollow-ground slide, and focusing on the transparent marginal zone of the young sponge. To observe the choanocytes in detail it was found necessary to tease up the sponge as before, when the presence of contractile vacuoles was readily confirmed. By one method or the other they were also demonstrated to other interested biologists at both places.
As pointed out by H. J. Carter, these little sponges give one an admirable demonstration of the liveliness of their cells-and at the same time of the coherence of the whole sponge body to form at least a temporary individual. In some instances the sponglet had walked away from its discarded gemmule case; and on touching it rather roughly a little sponge was seen to shrink up into a rounded mass, becoming detached from its coverslip. If they were 'fed' on carmine grains or given coloured food, it might be caught up in the cells lining the inhalant canals, as described by van Trigt (1919) ; the canals thus became marked out in colour over the surface of the sponge between the oscula, from which particles could be seen to be shot out into the surrounding water. In a favourable place a group of pores could be seen by focusing down to the inner end of the inhalant canal, and beneath this again the flagellated chamber was dimly visible with all the flagella beating towards one central point. Figure III is a sketch of a cell from one of the young sponges; it has begun to be active but still contains many of the yolky disks which form the food reserve of the gemmule cells. Three contractile vacuoles are seen, which contracted in the order indicated by the figures I to III. Figure IV shows a cell which has begun to form a spicule; here also a contractile vacuole was observed.
I have not been able to find contractile vacuoles in any of the cells of several genera of marine sponges in spite of a fairly extensive search, of which the range is indicated by the following notes.
The Calcarea are famous for the relatively large size of their choanocytes, which vary in diameter from about 15 to 20 /1, and are more in evidence in the preparations than the amoebocytes which are not proportionately larger than in the fresh-water sponges. The cells were studied with an oil-immersion lens.
Leucosolenia, as fresh as possible from the sea, was best studied by laying the tubes on a glass slide and cutting off their edges with a razor so that the two strips remaining could be separated by needles with the minimum of handling; they were then mounted inner side up under a thin coverslip. A specimen is selected with the pores widely open, and it is usually possible to find a few collar cells sufficiently exposed, and in side-view, and sometimes an area where amoebocytes of various kinds are active. This sponge often shows especially clearly the palisade-like appearance of the collars so well described by Bidder (1896); and the relatively large areas of undamaged cells go on working normally for a long while affording opportunities to observe, for example, the course of the granules driven along by the flagella. My observations so far as they go confirm the account given by van Trigt (1919) .
In Clathrina coriacea smallish amoebocytes were well seen on teasing, but not the choanocytes. Presumably they degenerate very rapidly.
Sycon ciliatum was also studied by the methods used for Leucosolenia and with similar results, but the mass of spicules are very troublesome.
Grantia lends itself to freehand transverse sectioning, in which I found the use of elder pith a distinct advantage; or it may be teased up when it displays not only large well-isolated collar cells, but also a good variety of active amoebocytes, some of which may reach a length of 30//. The degeneration of collar and flagellum is well seen at times in this sponge.
A small piece of Leuconia sp. ( = L e u c a n d r a) was teased up an transparent cells seen, but the spicules were again very much in the way of an oil-immersion lens.
In the marine siliceous sponges the choanocytes are smaller, as in the fresh water forms, but nevertheless may be well observed in some species, even showing now and then a ribbed appearance of the collar.
Oscarella lobularis showed some active cells embedded in a gelatinous matrix when it was cut in not too thin slices with a razor.
Some very young? Esperella aegagropila, at Millport, showed good on teasing, but the choanocytes were small and bunched together. Stages in the formation of the chelate spicules were numerous.
Anchinoe (= Microciona) fictitia, smelling strongly of hydrogen sulphid many rather sluggish amoebocytes, of small sizes, and choanocytes in knots of cells with coloured contents were not very clearly seen.
Reniera on teasing showed good active amoebocytes and coherent spheres of active choanocytes.
Halichondria was studied in thin sections cut tangentially to the surface, in which active amoebocytes could be well observed moving round the openings of the inhalant canals in the meshes of the spicular network. The softer inner parts of the sponge on teasing provided rather small amoebocytes and some inactive choanocytes.
In none of these sea sponges was a vacuole seen to contract in any cell whatever. Occasionally a vacuole which looked empty appeared in a cell; they seemed to be particularly frequent in Anchinoe fictitia, where they increased in number more than in the other sponges as the time of observation went on. In some cases such a clear fluid vacuole was seen to make its way forward in a choanocyte until it lay within the base of the collar, in the position of the contractile vacuoles of the Spongillidae; the same thing happened with vacuoles containing granules, and presumably these would at times be discharged as excreta-but this process was never actually seen to take place and no contraction of these vacuoles was ever observed, although their occurrence would explain some of the figures of choanocytes belonging to marine sponges in which a single clear vacuole is shown in this position.
These observations are of interest in relation to the general distribution of contractile vacuoles in the Protozoa. Until 10 April 1946, I should have agreed with the general opinion that contractile vacuoles do not occur in any marine flagellate or amoeba; but on that date Dr Mary W. Parke was so kind as to allow me to look at some of the phytomastigine flagellates she had been cultivating at Plymouth, and of which she proposes shortly to publish descriptions. Dr Parke had already recorded the presence of contractile vacuoles in some of these forms; and in a beautiful cryptomonad of outstanding size we both had the pleasure of watching an undoubted contractile vacuole expand and contract quite regularly and at a fair rate. Further details will be given in Dr Parke's paper; she has very kindly given me permission to put this note in here. It means that we must now modify our statement about contractile vacuoles in marine flagellates, excepting at least some of those with photosynthetic pigments.
Saville Kent (1880-1,1, p. 163) pointed out that the 'peculiar flagellate spongecells exhibited a very significant Protozoic feature in the possession of two or more posteriorly located, rhythmically pulsating, contractile vesicles'. And Adam Sedgwick, who states that the choanocyte resembles an individual of the Choanoflagellata, and 'contains one or more contractile vacuoles', says (1898, 1, p. 80): 'it is clear that the sponge in this (larval) condition is little more than a multinucleated Protozoon.' This opinion is upheld by Duboscq & Tuzet (1936, 1, p. 553) with a list of 'caracteres de Protistes' exhibited by sponges, in which, however, is not included the presence of contractile vacuoles in the cells of the fresh-water forms. This characteristic must now be added to the list-a feature not so far detected elsewhere in the animal kingdom, not even in the fresh-water coelenterate, Hydra, although here too the cells show a considerable amount of amoeboid movement in teased-up preparations, and some of them are flagellate. They are, however, distinctly less active and more cohesive than the sponge elements, and very much more like cells of a truly multicellular organism belonging to the higher Metazoa.
This investigation was partly carried out during the tenure of a Carnegie Teaching Fellowship.
At intervals during the spring and summer of 1945 advantage was taken of the kind hospitality of Professor James Gray and the staff of his department at Cambridge to collect and examine some of the fine growth of fresh-water sponges in the river at the Backs of the Colleges. To all those who helped the project in so many different ways I offer here my most sincere thanks-not least to Dr C. F. A. Pantin and Dr W. H. Thorpe who, in addition to other kindnesses, spared time to come and look at the sponge cells for long enough to see the vacuoles contract. Dr G. P. Bidder once again spurred me on by his never failing, kindly and critical interest.
I am also greatly indebted to the Director and staffs of the Marine Laboratories at Plymouth where I was privileged to occupy the table of the Worshipful Company of Goldsmiths for three weeks; and at Millport, where I was most kindly provided with material and every assistance in my investigation of sea sponges in the spring of 1946. The correct identification of marine sponges is not at the moment easy. Reference was made to Bowerbank's British and to Hanitsch's revision of his genera (Liverpool Marine Biological Committee Report, No. 4, 1895) , but the naming of some would have been for me impossible without the help of Mr D. P. Wilson of Plymouth and Dr M. Burton of the British Museum of Natural History, to both of whom I offer my sincere thanks. 
